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“He who maintains that new knowledge of electrocardiography is no longer 
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ELECTRICAL PROPERTIES OF THE HEART 








detected on the surface ECG. But when the electrical impulse spreads from the SA node over the atrial myocardium, the generated electrical potentials produce a P wave on the surface ECG. The impulse is then conducted slowly through the AV node and rapidly over the His bundle and bundle branches, producing electrical potentials which are again too small to be recorded on the body surface. This is reflected on the ECG by an isoelectric line, the PR segment. From the Purkinje fibers, the impulse is widely spread from cell to cell throughout the right and left ventricular myocardium, generating the QRS complex on the surface ECG. The repolarization of this large tissue mass is equally visible as the T wave on the ECG (Fig. 2).7  




ELECTROCARDIOGRAPHY IN HUMAN AND VETERINARY MEDICINE HUMAN MEDICINE 
August D. Waller was the first to record the electrical impulses of the heart from the body surface of animals and man. He used a capillary electrometer: two limbs were dipped into bowls containing salt solution and connected through metal wires to the two poles of the electrometer (Fig. 3). This historical event took place in 1887, and was witnessed by his friend Willem Einthoven.9  
 




direction of the potentials during the cardiac cycle. The primary clinical significance of the mean electrical axis (MEA) is the diagnosis of left or right axis deviations, which can indicate a conduction abnormality or ventricular enlargement. In the frontal plane, Einthoven’s standard bipolar leads I, II and III are recorded using four electrodes. Lead I is recorded between the right arm electrode (-) and the left arm electrode (+), lead II between the right arm electrode (-) and the left foot electrode (+) and lead III between the left arm electrode (-) and the left foot electrode (+). The fourth electrode, which is usually positioned on the right foot, serves as a reference electrode. For the augmented limb leads the positive exploring electrode (right arm for aVR, left arm for aVL and left foot for aVF) is compared to the average of the remaining two electrodes (-) (Fig. 4). 
Figure 4: The frontal plane limb leads.5  Translating each of these six frontal leads so that they pass through a common point defines a circular coordinate system, used to determine the direction and magnitude of the mean electrical axis of the heart in the frontal plane (Fig. 5). 





















SMALL ANIMAL MEDICINE 
Similarity between the human and small animal conduction system and the fact that small animals have been used as an experimental model has resulted in an extended knowledge in the field of canine and feline electrocardiography. Standard ECG recording in cats and dogs is commonly performed in right lateral recumbency and consists of six leads: three bipolar limb leads and three augmented unipolar limb leads (Fig. 7).8,41  













cardiology almost came to a standstill. It was only with the development of echocardiography and the Doppler technique around 1990 that equine cardiology got a new boost. With the upcoming of echocardiography, electrocardiography got further pushed to the background. It wasn’t until the very recent development of specific veterinary ECG recording devices that equine electrocardiography regained interest. Recent studies suggest that not all echocardiographic findings are clinically relevant. On the other hand, there is increasing awareness that cardiac rhythm disorders occur more than previously thought. There is no universal method for recording an ECG in horses. Already in 1954, Brooijmans underlined the importance of using standardized lead positions in clinical diagnostics.56 However, up to date there is no universal lead system and each clinician seems to have his or her own recording technique. The importance of electrode position is often not recognized leading to non-standardized ECG recordings. As such, it is our experience that subtle ECG changes might be disregarded (Fig. 8). Poor diagnostic criteria further lead to interpretation difficulties and the many confusions existing in the field of equine cardiology.  
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A cardiac exam always starts with a detailed history and a thorough clinical exam. An imperative aspect of the clinical examination is a skillfully performed auscultation which allows the gathering of important information about cardiac cycle and blood flow.1 Further diagnostic tests, such as biochemistry, echocardiography and electrocardiography, can then be carried out to obtain additional information about the exact cause and importance of cardiac disease.  Echocardiography allows the imaging of cardiac structures, the determination of chamber size and provides information about cardiac function.1  Electrocardiography is the ultimate tool for the diagnosis and classification of dysrhythmias. An electrocardiogram (ECG) can be recorded for brief (ambulatory) or prolonged (e.g. 24-hour or “Holter” recording) periods, at rest and during exercise.  ECG recording during exercise used to be reserved to specialized centers because of the expensive equipment. Over the last years, relatively cheap, battery-powered recorders have become available to the equine practitioner for ECG recording under field conditions. In order to correctly diagnose a dysrhythmia, a good quality recording and a thorough knowledge of ECG interpretation are mandatory.  NORMAL EQUINE ECG  





 Figure 1: Normal sinus rhythm with P wave, QRS complex and T wave; arrow indicates Ta wave. Line bar indicates 1 second. The morphology of P waves is variable: it can be bifid, simple positive or biphasic. When heart rate changes, P wave morphology often changes as well, and even successive P waves are not always identical in the normal horse. At a slow heart rate, the P wave is often bifid. The first peak represents the depolarization of the right atrium and the second one that of the left atrium. In its biphasic morphology, the P wave is usually of the negative/positive type. A normal P wave should take less than 0.16 seconds (Table 1).2 The Ta wave, which is the atrial repolarization, is not always clearly identifiable (Fig. 1).  Table 1: Duration of different waves and complexes on a normal ECG.1-5             Atria and ventricles are isolated from each other by fibrous tissue, except at the level of the AV node. The conduction of the impulse through the AV node is very slow, and profoundly affected by vagal tone.1 As the conduction itself does not result in a 
Wave or complex Duration (sec) P wave ≤ 0.16 




deflection on the ECG, it presents as the flat PR segment. In horses, the normal PR interval may last up to 0.5 seconds, because of their high vagal tone (Table 1).2 Once through the AV node, the impulse spreads very rapidly through the His bundle and Purkinje system to depolarize the ventricular myocardium. The latter produces a large deflection on the ECG, the QRS complex (Fig. 1). The QRS complex is composed of various components, defined according to international agreements. By convention, the first positive (upward) deflection is an R wave. The first negative (downward) deflection that precedes an R wave is called a Q wave. The first negative deflection that follows an R wave is the S wave. Subsequent positive deflections are R’ waves and subsequent negative deflections S’ waves.6 This means that although the complex is named ‘QRS’, it has not always – and usually not – a ‘QRS’ morphology in horses. The rS or rSr’ morphology is most common in horses. The duration of the QRS complex should not exceed 0.14 seconds (Table 1).2 Each depolarization is followed by a repolarization, represented by the T wave (Fig. 1). In horses, the T wave is very variable in size and orientation and particularly dependent on the heart rate. Even beat-to-beat changes in the RR interval often affect the morphology of the T wave. T waves are not helpful in the diagnosis of cardiac disease1 but may be helpful to differentiate between a normal and abnormal ventricular beat, and between artefacts (which do not have T waves). The QT interval in normal horses takes no longer than 0.58 seconds (Table 1).2 It is essential to realize that the Purkinje fibre system is much more extended in horses than in humans and small animals. Therefore, the equine QRS complex provides little or no information about heart size or the exact origin of an ectopic beat. Basically, it only provides information regarding the heart rate and rhythm.  EQUIPMENT 




Specific equine self-adhesive electrodes should be used as they contain more gel to improve skin contact and stronger glue to remain in place, even during exercise. Clipping of the hair coat is generally not necessary and even undesirable since it causes the electrodes to fall off more easily, especially during sweating. Extra gel can be used when the hair coat is very long, e.g. during winter, or extra glue in case of excessive sweating. Any ECG device can be used for ambulatory recording. However, a small, battery-powered device, fixed to the horse’s back, allows to make recordings during exercise. The signal can then be digitally stored or wirelessly transmitted (telemetry) through radiofrequency or Bluetooth. Telemetry allows for beat-to-beat real-time monitoring and thus represents an advantage above other systems.7 When a device has sufficient storage capacity, e.g. on a digital card, also long-term (e.g. 24-hour) monitoring becomes possible. Nowadays, the recorded signals can be imported into computer software for the automatic analysis of normal and abnormal rhythms. The software detects R waves and screens for sudden irregularities in RR interval. Complex algorithms for the analysis of QRS morphology exist in more advanced software packages designed for human or small animal cardiology. However, these algorithms usually fail to interpret the horse’s ECG correctly, partly because of the large T wave on the equine ECG. Therefore, the visual screening of the horse’s ECG usually remains necessary.   RECORDING OF AN ECG 




To start recording an ECG, electrodes need to be attached to the horse’s body and connected to the recording device. Different devices may have 3, 4, or up to 10 electrodes (Fig. 2).  








AMBULATORY ECG RECORDING 
For ambulatory recordings at rest, the base-apex lead system gives the best results. It corresponds best with the MEA direction and hence results in the largest deflections for both atrial and ventricular waveforms.13 The negative (red) electrode is positioned in the lower third of the right jugular groove or on the scapula, corresponding to the base area of the heart. The positive (green) electrode is positioned over the apex beat area of the heart, on the thorax, caudal to the left elbow. The yellow electrode can be positioned on the middle of the left scapula. The remaining black electrode can be positioned anywhere on the body surface of the horse.   EXERCISE ECG RECORDING 




than that of a true base-apex configuration but large QRS deflections will still be present. The negative (red) electrode is positioned on the right side of the withers, and the positive (green) electrode behind the left elbow joint, on the apex beat area. The remaining (yellow) electrode is placed about 10 cm above the green one. The reference electrode can be positioned anywhere under the girth (Fig. 4). The girth can be used during lunging exercise but also during ridden exercise or in trotters, where it is placed just cranial and partially underneath the saddle or harness.   Figure 4: Positioning of electrodes for 24h ECG monitoring or lunging exercise, using a custom designed girth (Orthohorse® Mainat Vet). ‘Right arm’ corresponds to the red electrode, ‘left arm’ to the yellow electrode and ‘left foot’ to the green electrode.  LONG-TERM ECG RECORDING 
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AN OVERVIEW OF ELECTROCARDIOGRAPHIC INTERPRETATION IN THE HORSE 
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Due to their high vagal tone, horses have a higher incidence of cardiac dysrhythmias at rest than any other domestic species.1,2 These physiological dysrhythmias are usually abolished when vagal tone decreases and sympathetic tone increases, such as during exercise or excitement.3 On the other hand, exercise may exacerbate certain dysrhythmias making the recording of an exercise ECG an indispensable part of a cardiac diagnostic work-up. In this chapter a schematic approach for ECG interpretation is presented and the typical characteristics of common dysrhythmias are described. Finally, common pitfalls are discussed.  STANDARD APPROACH TO ECG INTERPRETATION 




indicated. If irregularities are present, their nature should be investigated: are they intermittent or persistent, do they occur at random or follow a possibly predictable pattern, are they induced or terminated by any form of excitement?4 The final step is to assess morphology and duration of the different waves, and the relation between waves. Each complex should have the same morphology. Each P wave should be followed by a QRS complex and each QRS complex should be preceded by a P wave. On the ECG, premature waves are usually indicated by an apostrophe (‘), e.g. P’ for indicating the P wave of an atrial premature complex, and QRS’ for indicating a ventricular premature complex.  CLASSIFICATION OF DYSRHYTHMIAS 




  Figure 1: Sinus bradycardia. Heart rate is below 24 bpm but every P wave is followed by a QRS complex and every QRS complex is preceded by a P wave. Line bar indicates 1 second.  Sinus tachycardia Sinus tachycardia is caused by an increase in sympathetic tone or a decrease in parasympathetic tone and can be a physiological response in order to increase cardiac output. When it is seen at rest, the animal might have an increased sympathetic tone, caused by e.g. fever, hemorrhage, anemia, shock or heart failure.6 Sinus tachycardia is characterized by a resting heart rate above 50 bpm, with regular RR intervals. The morphology, duration and relation of P waves and QRS complexes is normal (Fig. 2). At higher rates, P waves may be masked by the preceding T wave.  




On an ECG, sinus arrhythmia is characterised by varying PP and RR intervals. P-QRS relations are normal and QRS complexes always have a normal morphology, but the shape of the P wave can be variable (Fig. 3).8,9 Heart rate can be normal, but is usually between 50 and 110 bpm. Sometimes sinus arrhythmia can have a more or less cyclic pattern, starting with a long RR interval, followed by a number of shortening RR intervals, until a long RR appears again.   








the basic rhythm of the SA node. No P wave is dropped and an extra P’ wave appears between the two normal P waves.  




atrial contraction exacerbates this decrease, potentially resulting in poor performance, especially in high demanding sport disciplines such as racing, eventing or endurance.15 AF is characterized by the absence of P waves, the presence of fibrillation waves or f waves and irregularly irregular RR intervals with normal QRS morphology (Fig. 6).11 In case of very short RR intervals, the T wave will be opposite to the QRS complex, which might differ from the other T waves. Such a complex should not be mistaken for a ventricular premature beat. The morphology of the f waves varies from coarse to fine, often alternating within recordings. The frequency of the f waves can be as high as 500 per minute, but only a limited number of impulses is conducted through the AV node. In the absence of underlying cardiac disease, ventricular rate at rest is normal. During excitement or exercise, the heart rate easily surpasses the maximal heart rate of 240 bpm, often resulting in short lasting episodes of high ventricular rates up to 250 to 450 bpm.   
  Figure 6: Atrial fibrillation. P waves are absent, f waves with variable morphology are present, QRS morphology and duration are normal but RR intervals are irregular. Line bar indicates 1 second.  AV NODAL DYSRHYTHMIAS The normal AV node ‘passes’ the atrial impulse to the ventricles. In AV block, this conduction towards the ventricles is delayed (1st degree), intermittently blocked (2nd degree) or completely absent (3rd degree).   First degree AV block In 1st degree AV block, the conduction of the atrial impulse through the AV node is delayed. In horses, this is usually due to the vagal tone,8 but it can also be caused by 








  Figure 7: Second degree AV block, Mobitz type I. PQ interval lengthens until one P wave is not followed by a QRS complex (arrow). PP interval is regular. Line bar indicates 1 second.  Third degree AV block In 3rd degree AV block or complete heart block, none of the atrial impulses conducts through the AV node. The ventricles are left to contract according to their own intrinsic escape rhythm, which is usually slower than normal sinus rhythm. This condition is invariably pathological and can be caused by degenerative or inflammatory AV nodal disease.12 It can be associated with syncope or weakness and is only rarely reversible. The ECG shows P waves with normal morphology and a regular PP interval. P waves have no relationship with the QRS complexes. The rate of the P waves is usually high as a reflex to hypotension.9 QRS complexes can be bizarrely shaped although a ventricular escape rhythm originating closely to the AV node is usually regular and results in a close to normal QRS complex (Fig. 8).   




Ventricular premature depolarization Ventricular premature depolarizations (VPDs) occur earlier than expected during normal sinus rhythm. They are less frequent in horses in comparison with other species,4 and their significance and underlying etiology is not well understood.2 However, they can be caused by myocardial or systemic disease and potentially lead to ventricular tachydysrhythmias.2,10 This is why horses with VPDs at rest should be retired from ridden work and thoroughly examined.2 Because the VPD conducts in a different direction and from cell to cell, not over specialized conduction tissue, the resultant QRS’ complex is longer in duration and has a different morphology.8 Depending on the site of origin, the QRS’ complex may have a bizarre or close to normal appearance. Multiple lead recordings are therefore helpful to detect certain VPDs. The VPD is not associated with a preceding P wave (Fig. 9).2 Naturally, a normal P wave with variable PR interval may, by coincidence, precede the VPD, but it is not associated with the VPD. The abnormal QRS complex is usually followed by a compensatory pause, since the first sinus beat after the VPD occurs while the ventricles are still refractory. However, VPDs may occasionally present without disturbing the underlying rhythm, i.e. ‘interlaced’ beats. On rare occasions, by coincidence, the ventricle may be depolarized by a normally conducted beat and a VPD that occur at the same time. The resultant QRS’ is called a ‘fusion beat’ and has a morphology which is a mixture between the normal QRS and VPD morphology (see chapter 1.1: An overview of electrocardiographic recording techniques in the horse, Fig. 3).  








  Figure 10: Ventricular tachycardia. Two VPCs (long arrows) are followed by one normal P-QRS-T complex and a train of VPCs: VT (short arrows). Line bar indicates 1 second.  Ventricular fibrillation During ventricular fibrillation there are no longer coordinated contractions of the ventricles. It is almost invariably a terminal event despite treatment. The ECG shows undulations of the baseline with no identifiable QRS complexes or T waves (Fig. 11). P waves can still be present but are no longer followed by QRS complexes.  
  Figure 11: Ventricular fibrillation. Undulating baseline with no identifiable QRS complexes or T waves. Line bar indicates 1 second.  COMMON PITFALLS 




narrow multiple deflections of the baseline (Fig. 12). Large undulations in the baseline usually are due to exaggerated respiratory motion.4  




  Figure 13: ECG during exercise. T waves are large and opposite in polarity to QRS complexes. P waves are no longer visible as they are incorporated in the preceding T waves. Line bar indicates 1 second.  CONCLUSION 
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The general aim of this PhD study was to explore new diagnostic electrocardiographic criteria 
and techniques in horses. Despite great advances made in electrocardiography in human and 
small animal medicine, electrocardiography in horses has been poorly developed. This is 
partly due to the depolarization process in horses that does not allow the construction of a 
mean electrical axis. In addition, diagnostic criteria for specific dysrhythmias in horses are 
often poorly described, which might result in wrong or missed diagnoses. In order to increase 
the refinement of diagnostics based on surface ECG recordings, more detailed studies are 
needed to investigate the presence of abnormalities on the equine ECG, related to specific 
diseases. Development of new recording techniques could further contribute to a better 
diagnosis and understanding of equine dysrhythmias. 
 
The first part of this dissertation was devoted to the study of the use of a surface ECG 
recording, recorded in a standardized manner, for diagnosis of cardiac disease. For this 
purpose, standardized surface ECGs were recorded for in depth analyses from horses with a 
disease that affects the heart. Atrial fibrillation is clinically the most important 
supraventricular dysrhythmia in horses and is sometimes associated with incoordination, 
collapse or even sudden death during exercise. Standardised ECG recordings during exercise 
in horses with atrial fibrillation might reveal the cause for these signs. Therefore, the first 
objective was to evaluate the diagnostic and clinical value of exercise ECG recordings in 
horses with atrial fibrillation. Atypical myopathy is a highly fatal disease primarily affecting 
skeletal muscles. Although postmortem examinations and the occasional presence of 
dysrhythmias indicate the presence of cardiac damage, the exact impact and mechanism are 
still poorly understood. The second objective was to assess the potential of ECG recordings 
to detect the effect of atypical myopathy on the heart. 
 
In the second part, new electrocardiographic recording techniques that allow for a better 
recording of atrial electrical activity compared with surface ECG recordings were explored 
and evaluated. In human medicine, esophageal and intra-atrial recordings have greatly 
advanced the understanding of dysrhythmias because of their ability to better identify the 
atrial depolarization. In horses, the clinical use of electrocardiography is still limited to 
surface ECG recordings. Therefore, the third and fourth objective were to record cardiac 
electrical activity from within the esophagus and from within the atria using esophageal and 
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Three horses showed mild hypocalcaemia (1.4 mmol/L; reference range 1.5-1.8 mmol/L) and one was both hypocalcaemic (1 mmol/L; reference range 1.5-1.8 mmol/L) and hypokalemic (1.8 mmol/L; reference range 2.9-4.4 mmol/L).  Forty-two horses completed the protocol. In one horse the protocol was terminated during walking to the exercise ring because of a high heart rate (297 bpm at walk). In two trotting horses the canter and gallop were replaced by trotting at increased speeds.  Individual average heart rates at rest, walk, trot, canter and gallop are shown in Figure 2.  
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  Figure 4: Electrocardiogram showing R-on-T phenomenon (arrows) during galloping in a horse with atrial fibrillation. Line bar indicates 1 second  Significant QRS shortening occurred during gallop (P<0.0005). Both VPDs and QRS complexes with R-on-T morphology were significantly longer than normal QRS complexes during gallop (P<0.0005) and shorter compared to normal QRS complexes at rest (P<0.0005). R-on-T complexes were not significantly different from VPDs (P=1.0) (Fig. 5).   












































a specific aberrant morphology. A similar mechanism was thought to be present in this horse (Fig. 7).   













aTelevet 100®, Kruuse, Marslev, Denmark 
bOrthohorse®, Mainat Vet, Barcelona, Spain 
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Table 1: M-mode, TDI and 2DST echocardiographic measurements of horses with atypical myopathy compared to a healthy control group. Asterisks indicate significant differences.  
Ultrasound 
mode 
Variable Atypical myopathy Controls (n=10) P 
 
n mean±SD mean±SD 
 
M-mode 
t-MVOc (ms) 9 568±38 532±20 0.017* IVRTc (ms) 9 165±42 90±17 <0.001* LVPEPc (ms) 9 53±9 78±8 <0.001* LVETc (ms) 9 353±38 365±9 0.363 LVPEP/LVET 9 0.15±0.03 0.20±0.02 <0.001* FS (%) 11 39.0±3.8 36.1±2.7 0.056 
TDI 




  Figure 2: Short-axis 2D (left panel) and M-mode (right panel) image at papillary muscle level, showing biphasic contraction of the interventricular septum.  Biphasic contraction was evident on TDI (Fig. 3-4). In AM horses, CDc was significantly longer in IVS (P=0.004) but not in the LVFW (P=0.2). IVRTc TDI was significantly longer in both the IVS and LVFW (P<0.001). Sm was significantly higher in both the IVS (P<0.001) and LVFW (P<0.035). The Em/Am ratio was significantly lower in the LVFW (P<0.001) but not in the IVS (P=0.071), whereas Em was significantly lower in both the IVS (P<0.001) and LVFW (P=0.005). 



















and 1 AM horse with normocalcaemia also showed QT prolongation, suggesting that other mechanisms may play a role. Certain toxins also can induce QT prolongation.20 The etiology of AM remains unknown, but recent research points towards a myopathy of toxic origin, affecting mitochondria.8 Studies by Westermann et al.6 and van der Kolk et 
al.7 showed an acquired MADD in horses with AM, confirming the role of mitochondria in the pathophysiology of the disorder. Interestingly, in a recent study, Gélinas et al.24 found a link between very long-chain acyl-CoA dehydrogenase deficiency (VLADD) and long QT interval in mice. They also noticed a cardiac-specific reduction of docosahexaenoic acid (DHA), an omega-3 polyunsaturated fatty acid, in the membrane phospholipids of these mice. Results suggests that DHA could have a protective effect against QT prolongation.25,26 In another study in VLADD mice, Werdich et al.27 reported alterations in intracellular calcium homeostasis and an increased ionized calcium load in the sarcoplasmatic reticulum. These changes were thought to be induced by decreased adenosine triphosphate (ATP) production as a consequence of VLADD. This decrease in 
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ESOPHAGEAL ELECTROCARDIOGRAPHY IN HEALTHY HORSES 
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configurations. The magnitude (voltage between minimal and maximal values during the wave or complex) of the P wave and the QRS complex were used for calculating the ratio between the P wave and the QRS complex (P/QRSmagn). This ratio was calculated for every electrode configuration, using the mean maximal values for the P wave and QRS complex, and compared to P/QRSmagn for base-apex and unipolar surface recordings.  STATISTICAL ANALYSIS Statistical analysis was performed using dedicated computer software.e Summary statistics for the measurements were calculated (mean±SD; n=21 horses). Linear mixed models with horse as random effect were fitted for P wave and P/QRSmagn to the different wave amplitudes; fixed categorical effects were recording depth and recording configuration. Multiple comparisons were adjusted according to the Bonferroni technique and the corresponding adjusted p-values were reported. The level of 




RESULTS FEASIBILITY OF ESOPHAGEAL ECG RECORDING Esophageal ECG recording was well tolerated in all horses without the use of sedatives. Maximal insertion of the catheter was 210 cm (n=1), 200 cm (n=6), 190 cm (n=12), 180 cm (n=1) or 170 cm (n=1).  Good quality recordings could be obtained from all horses, but not always from all recording depths. For intra-esophageal (E/E) recordings, good quality recordings were obtained from HW+40 up to HW-30, HW-40 and HW-50 for E/E10, E/E20 and E/E30, respectively. Combined esophageal-surface (E/S) recordings of good quality could be made from HW+40 up to HW-80. Recordings during walk were of poor quality and were considered to be of no diagnostic value. However, three cardiac cycles could be analyzed in 52% of the intra-esophageal recordings and in 72% of the combined esophageal-surface recordings.   



















 Figure 3: Mean maximal P2 wave amplitude for intra-esophageal (E/E30, E/E20, E/E10), combined esophageal-surface (E/Shigh, E/Smid, E/Slow), base-apex (BA) and unipolar recordings (Uhigh, Umid, Ulow). Different letters indicate significant differences. 










 Figure 4: Mean amplitude of R waves for different recording configurations at different recording depths. X-axis represents catheter depth expressed as HW±cm. (A) R wave amplitude for intra-esophageal (E/E), base-apex (BA) and unipolar (U) recordings. (B) R wave amplitude for combined esophageal-surface (E/S) recordings 














(P<0.001), except for recording depths HW-10 and HW+10. For E/E10, the ratio was significantly larger at HW+10 (P=0.049), except for recording depths HW and HW-10 (Fig. 6A). The largest P/QRSmagn ratio for all three E/E recording configurations was 0.66±0.44 mV, measured at E/E10, HW+10.  
 






respectively (Fig. 6B). Mean amplitude of Pmagn/QRSmagn ratio for different recording configurations at different recording depths is shown in Table 8. The largest mean maximal P/QRSmagn ratio was obtained for E/E recordings (Fig. 7). All E/E, E/S and unipolar recordings resulted in significantly larger mean maximal P/QRSmagn ratios than base-apex recordings (P<0.001), except for E/Slow and Ulow recordings. E/E10 was significantly larger than all other recording configurations except E/E20 (P=0.001). 






















E/E30 E/E20 E/E10 E/Shigh E/Smid E/Slow 
-80 - - - 0.03 ± 0.09 0.02 ± 0.10 0.07 ± 0.07 
-70 - - - 0.03 ± 0.09 0.06 ± 0.08 0.05 ± 0.09 
-60 - - - 0.03 ± 0.08 0.05 ± 0.09 0.05 ± 0.09 
-50 0 ± 0.05 - - 0.04 ± 0.09 0.05 ± 0.08 0.04 ± 0.09 
-40 0 ± 0.06 -0.01 ± 0.05 - 0.03 ± 0.09 0.05 ± 0.08 0.06 ± 0.08 
-30 -0.01 ± 0.08 -0.01 ± 0.06 -0.03 ± 0.05 0.04 ± 0.09 0.04 ± 0.10 0.04 ± 0.09 
-20 0.03 ± 0.10 0.02 ± 0.07 -0.02 ± 0.04 0.04 ± 0.11 0.05 ± 0.10 0.03 ± 0.11 
-10 0.07 ± 0.11 0.06 ± 0.09 0.04 ± 0.06 0.08 ± 0.10 0.07 ± 0.13 0.07 ± 0.12 
0 0.04 ± 0.14 0.05 ± 0.11 0.03 ± 0.07 0.05 ± 0.12 0.04 ± 0.12 0.05 ± 0.12 
10 0.04 ± 0.09 0.03 ± 0.09 0.02 ± 0.08 0.04 ± 0.08 0.02 ± 0.09 0.03 ± 0.10 
20 -0.01 ± 0.07 0 ± 0.06 0 ± 0.05 0.01 ± 0.05 0.01 ± 0.05 0.01 ± 0.06 
30 0 ± 0.07 -0.02 ± 0.04 -0.02 ± 0.03 0.01 ± 0.04 0 ± 0.05 0.02 ± 0.04 
40 -0.01 ± 0.04 -0.01 ± 0.04 0 ± 0.03 0.03 ± 0.04 -0.01 ± 0.04 -0.01 ± 0.04 
BA 0.06 ± 0,08 
Uhigh 0.07 ± 0,10 
Umid 0.05 ± 0,09 
Ulow 0.06 ± 0,10 












E/E30 E/E20 E/E10 E/Shigh E/Smid E/Slow 
-80 - - - 0.25 ± 0.07 0.29 ± 0.09 0.27 ± 0.07 
-70 - - - 0.26 ± 0.05 0.29 ± 0.07 0.27 ± 0.06 
-60 - - - 0.26 ± 0.06 0.29 ± 0.06 0.26 ± 0.07 
-50 -0.02 ± 0.04 - - 0.26 ± 0.07 0.28 ± 0.07 0.26 ± 0.06 
-40 -0.07 ± 0.04 -0.02 ± 0.03 - 0.26 ± 0.07 0.28 ± 0.07 0.27 ± 0.07 
-30 -0.14 ± 0.06 -0.08 ± 0.04 -0.02 ± 0.06 0.27 ± 0.07 0.29 ± 0.07 0.27 ± 0.06 
-20 -0.11 ± 0.15 -0.08 ± 0.11 -0.05 ± 0.05 0.29 ± 0.06 0.32 ± 0.08 0.29 ± 0.07 
-10 0.10 ± 0.21 -0.07 ± 0.14 -0.09 ± 0.05 0.34 ± 0.08 0.35 ± 0.10 0.34 ± 0.08 
0 0.29 ± 0.12° 0.12 ± 0.20 0.03 ± 0.15 0.39 ± 0.10° 0.42 ± 0.09° 0.38 ± 0.09° 
10 0.31 ± 0.09* 0.3 ± 0.11* 0.17 ± 0.13* 0.4 ± 0.09* 0.42 ± 0.09* 0.41 ± 0.09* 
20 0.25 ± 0.10° 0.22 ± 0.09° 0.17 ± 0.08* 0.32 ± 0.11 0.36 ± 0.12 0.34 ± 0.12 
30 0.15 ± 0.07 0.14 ± 0.05 0.10 ± 0.04° 0.21 ± 0.07 0.24 ± 0.10 0.23 ± 0.09 
40 0.08 ± 0.02 0.07 ± 0.02 0.05 ± 0.01° 0.17 ± 0.04 0.18 ± 0.06 0.17 ± 0.09 
BA 0.19 ± 0.05 
Uhigh 0.28 ± 0.15 
Umid 0.34 ± 0.12 
Ulow 0.31 ± 0.09 












E/E30 E/E20 E/E10 E/Shigh E/Smid E/Slow 
-80 - - - 0 ± 0 0 ± 0 0 ± 0 
-70 - - - -0.04 ± 0.14 -0.07 ± 0.27 -0.07 ± 0.28 
-60 - - - -0.03 ± 0.13 -0.05 ± 0.22 -0.07 ± 0.29 
-50 -0.04 ± 0.02 - - -0.03 ± 0.12 -0.05 ± 0.22 -0.07 ± 0.29 
-40 -0.05 ± 0.03 -0.03 ± 0.02 - -0.03 ± 0.13 -0.05 ± 0.21 -0.04 ± 0.20 
-30 -0.08 ± 0.03 -0.05 ± 0.03 -0.05 ± 0.02 -0.04 ± 0.12 -0.05 ± 0.22 -0.07 ± 0.30 
-20 -0.09 ± 0.04 -0.07 ± 0.02 -0.04 ± 0.01 -0.03 ± 0.12 -0.04 ± 0.19 -0.06 ± 0.27 
-10 -0.05 ± 0.06 -0.07 ± 0.06 -0.04 ± 0.02 0 ± 0 0 ± 0 0 ± 0 
0 -0.03 ± 0.10 -0.03 ± 0.03 -0.02 ± 0.03 0 ± 0 0 ± 0 0 ± 0 
10 0 ± 0 0 ± 0.01 -0.02 ± 0.05 0 ± 0 0 ± 0 0 ± 0 
20 0 ± 0 0 ± 0 -0.02 ± 0.07 0 ± 0 0 ± 0 0 ± 0 
30 0 ± 0 0 ± 0 0 ± 0.01 0 ± 0 0 ± 0 0 ± 0 
40 0 ± 0 0 ± 0 0 ± 0 -0.06 ± 0.12 0 ± 0 0 ± 0 
BA -0,07 ± 0,32 
Uhigh -0,06 ± 0,14 
Umid -0,12 ± 0,31 
Ulow -0,2 ± 0,49 















E/E30 E/E20 E/E10 E/Shigh E/Smid E/Slow 
-80 - - - 0.25 ± 0.14 0.30 ± 0.18 0.30 ± 0.15 
-70 - - - 0.26 ± 0.15 0.28 ± 0.16 0.28 ± 0.17 
-60 - - - 0.23 ± 0.15 0.27 ± 0.17 0.27 ± 0.15 
-50 0.28 ± 0.11 - - 0.24 ± 0.14 0.24 ± 0.16 0.27 ± 0.17 
-40 0.47 ± 0.19 0.23 ± 0.11 - 0.24 ± 0.17 0.26 ± 0.18 0.25 ± 0.17 
-30 0.66 ± 0.13 0.48 ± 0.17 0.27 ± 0.08 0.23 ± 0.16 0.26 ± 0.18 0.26 ± 0.18 
-20 0.66 ± 0.16 0.55 ± 0.13 0.36 ± 0.08 0.23 ± 0.16 0.27 ± 0.18 0.26 ± 0.16 
-10 0.35 ± 0.25 0.41 ± 0.18 0.27 ± 0.09 0.22 ± 0.12 0.26 ± 0.14 0.27 ± 0.16 
0 0.21 ± 0.12 0.20 ± 0.13 0.19 ± 0.14 0.22 ± 0.11 0.26 ± 0.13 0.28 ± 0.15 
10 0.21 ± 0.08 0.15 ± 0.06 0.10 ± 0.07 0.22 ± 0.08 0.26 ± 0.11 0.29 ± 0.13 
20 0.20 ± 0.08 0.17 ± 0.05 0.09 ± 0.03 0.18 ± 0.07 0.23 ± 0.11 0.25 ± 0.12 
30 0.16 ± 0.08 0.15 ± 0.05 0.10 ± 0.04 0.13 ± 0.07 0.16 ± 0.08 0.20 ± 0.10 
40 0.12 ± 0.04 0.11 ± 0.06 0.09 ± 0.03 0.13 ± 0.10 0.09 ± 0.05 0.09 ± 0.04 
BA 0.28 ± 0.13 
Uhigh 0.39 ± 0.20 
Umid 0.36 ± 0.22 
Ulow 0.28 ± 0.21 















E/E30 E/E20 E/E10 E/Shigh E/Smid E/Slow 
-80 - - - -0.54 ± 0.28 -0.73 ± 0.28 -0.94 ± 0.27 
-70 - - - -0.45 ± 0.25 -0.64 ± 0.31 -0.88 ± 0.37 
-60 - - - -0.47 ± 0.23 -0.68 ± 0.30 -0.94 ± 0.37 
-50 0 ± 0 - - -0.46 ± 0.22 -0.66 ± 0.30 -0.95 ± 0.37 
-40 0 ± 0 0 ± 0 - -0.48 ± 0.24 -0.65 ± 0.33 -0.95 ± 0.32 
-30 0 ± 0 0 ± 0 0 ± 0 -0.48 ± 0.24 -0.67 ± 0.33 -0.97 ± 0.38 
-20 0 ± 0.02 -0.01 ± 0.02 0 ± 0 -0.59 ± 0.34 -0.78 ± 0.40 -1.05 ± 0.48 
-10 -0.26 ± 0.29 -0.03 ± 0.06 -0.01 ± 0.01 -0.85 ± 0.37 -1.06 ± 0.40 -1.36 ± 0.46 
0 -0.75 ± 0.51 -0.35 ± 0.34 -0.09 ± 0.11 -1.06 ± 0.38 -1.32 ± 0.43 -1.56 ± 0.43 
10 -1.15 ± 0.32 -0.76 ± 0.35 -0.30 ± 0.21 -1.11 ± 0.24 -1.29 ± 0.30 -1.59 ± 0.31 
20 -1.12 ± 0.19 -0.95 ± 0.17 -0.46 ± 0.20 -0.92 ± 0.24 -1.12 ± 0.26 -1.46 ± 0.31 
30 -0.86 ± 0.23 -0.87 ± 0.19 -0.53 ± 0.13 -0.57 ± 0.23 -0.82 ± 0.25 -1.09 ± 0.32 
40 -0.56 ± 0.12 -0.56 ± 0.21 -0.47 ± 0.13 -0.28 ± 0.37 -0.57 ± 0.34 -0.76 ± 0.37 
BA -1.23 ± 0.42 
Uhigh -0.21 ± 0.16 
Umid -0.45 ± 0.38 
Ulow -0.75 ± 0.48 















E/E30 E/E20 E/E10 E/Shigh E/Smid E/Slow 
-80 - - - -0.10 ± 0.06 -0.17 ± 0.09 -0.30 ± 0.15 
-70 - - - -0.13 ± 0.08 -0.21 ± 0.12 -0.33 ± 0.19 
-60 - - - -0.11 ± 0.11 -0.19 ± 0.15 -0.31 ± 0.16 
-50 0.01 ± 0.05 - - -0.14 ± 0.10 -0.17 ± 0.17 -0.31 ± 0.17 
-40 0.02 ± 0.06 0 ± 0.04 - -0.15 ± 0.07 -0.21 ± 0.10 -0.31 ± 0.13 
-30 0.05 ± 0.10 0.02 ± 0.09 -0.01 ± 0.05 -0.13 ± 0.09 -0.21 ± 0.10 -0.31 ± 0.15 
-20 0.06 ± 0.11 0.03 ± 0.07 0.02 ± 0.05 -0.15 ± 0.07 -0.23 ± 0.12 -0.34 ± 0.15 
-10 0.01 ± 0.13 0.05 ± 0.11 0.03 ± 0.06 -0.12 ± 0.18 -0.21 ± 0.20 -0.35 ± 0.19 
0 -0.08 ± 0.10 -0.01 ± 0.09 0.02 ± 0.06 -0.20 ± 0.11 -0.28 ± 0.14 -0.38 ± 0.18 
10 -0.17 ± 0.14 -0.14 ± 0.10 -0.04 ± 0.05 -0.24 ± 0.11 -0.31 ± 0.19 -0.42 ± 0.17 
20 -0.23 ± 0.10 -0.18 ± 0.08 -0.08 ± 0.06 -0.24 ± 0.10 -0.34 ± 0.15 -0.45 ± 0.21 
30 -0.17 ± 0.09 -0.17 ± 0.07 -0.09 ± 0.06 -0.17 ± 0.08 -0.27 ± 0.10 -0.37 ± 0.16 
40 -0.14 ± 0.07 -0.10 ± 0.07 -0.09 ± 0.04 -0.11 ± 0.05 -0.23 ± 0.13 -0.30 ± 0.16 
BA -0.50 ± 0.19 
Uhigh 0.04 ± 0.13 
Umid -0.09 ± 0.21 
Ulow -0.27 ± 0.19 
















E/E30 E/E20 E/E10 E/Shigh E/Smid E/Slow 
-80 - - - 0.12 ± 0.06 0.12 ± 0.06 0.13 ± 0.09 
-70 - - - 0.12 ± 0.07 0.13 ± 0.07 0.14 ± 0.09 
-60 - - - 0.10 ± 0.07 0.11 ± 0.07 0.13 ± 0.08 
-50 -0.03 ± 0.01 - - 0.11 ± 0.07 0.12 ± 0.08 0.14 ± 0.10 
-40 -0.05 ± 0.02 -0.02 ± 0.02 - 0.12 ± 0.08 0.13 ± 0.08 0.14 ± 0.08 
-30 -0.04 ± 0.02 -0.04 ± 0.02 - 0.11 ± 0.08 0.15 ± 0.10 0.16 ± 0.09 
-20 -0.02 ± 0.01 -0.04 ± 0.01 -0.01 ± 0.02 0.13 ± 0.08 0.15 ± 0.09 0.18 ± 0.12 
-10 0.11 ± 0.07 0.04 ± 0.06 - 0.16 ± 0.09 0.17 ± 0.10 0.21 ± 0.15 
0 0.15 ± 0.07 0.10 ± 0.05 0.03 ± 0.04 0.16 ± 0.09 0.17 ± 0.10 0.20 ± 0.12 
10 0.12 ± 0.06 0.10± 0.05 0.05 ± 0.04 0.12 ± 0.06 0.13 ± 0.08 0.15 ± 0.09 
20 0.12 ± 0.08 0.09 ± 0.05 0.05 ± 0.03 0.07 ± 0.04 0.09 ± 0.06 0.11 ± 0.07 
30 0.09 ± 0.05 0.08 ± 0.04 0.05 ± 0.02 0.05 ± 0.03 0.05 ± 0.04 0.07 ± 0.04 
40 0.06 ± 0.03 0.05 ± 0.03 0.05 ± 0.04 0.06 ± 0.04 0.10 ± 0.05 0.05 ± 0.03 
BA 0.14 ± 0.06 
Uhigh 0.14 ± 0.07 
Umid 0.08 ± 0.06 
Ulow 0.15 ± 0.08 















E/E30 E/E20 E/E10 E/Shigh E/Smid E/Slow 
-80 - - - 0.38 ± 0.16 0.34 ± 0.16 0.24 ± 0.10 
-70 - - - 0.44 ± 0.21 0.35 ± 0.17 0.26 ± 0.10 
-60 - - - 0.43 ± 0.17 0.34 ± 0.14 0.24 ± 0.10 
-50 0.20 ± 0.11 - - 0.42 ± 0.2 0.35 ± 0.15 0.24 ± 0.10 
-40 0.22 ± 0.10 0.22 ± 0.11 - 0.42 ± 0.17 0.37 ± 0.21 0.25 ± 0.12 
-30 0.23 ± 0.10 0.20 ± 0.08 0.17 ± 0.08 0.43 ± 0.15 0.37 ± 0.17 0.25 ± 0.11 
-20 0.31 ± 0.15 0.26 ± 0.16 0.22 ± 0.10 0.45 ± 0.25 0.37 ± 0.22 0.26 ± 0.11 
-10 0.44 ± 0.15* 0.48 ± 0.20° 0.54 ± 0.43° 0.39 ± 0.19 0.32 ± 0.15 0.24 ± 0.08 
0 0.42 ± 0.21° 0.59 ± 0.30* 0.61 ± 0.27° 0.36 ± 0.11 0.31 ± 0.12 0.24 ± 0.07 
10 0.26 ± 0.06 0.42 ± 0.20° 0.66 ± 0.44* 0.32 ± 0.09 0.31 ± 0.10 0.24 ± 0.07 
20 0.21 ± 0.07 0.22 ± 0.09 0.40 ± 0.30 0.31 ± 0.10 0.28 ± 0.10 0.21 ± 0.07 
30 0.17 ± 0.06 0.16 ± 0.05 0.18 ± 0.07 0.36 ± 0.20 0.28 ± 0.11 0.20 ± 0.11 
40 0.15 ± 0.06 0.13 ± 0.04 0.12 ± 0.04 0.40 ± 0.24 0.37 ± 0.17 0.25 ± 0.14 
BA 0.14 ± 0.04 
Uhigh 0.61 ± 0.35 
Umid 0.49 ± 0.30 





aCardio Companion, SurgiVet, Smiths Medical, London, England 
bTelevet 100®, Kruuse, Marslev, Denmark 
cK. Engel, Engel Engineering Services GmbH, Offenbach am Main, Germany 
dMingograf 410 System, Siemens, Selna, Sweden 
























DETERMINATION OF ATRIAL FIBRILLATION CYCLE LENGTH IN HORSES AND ITS ROLE IN PREDICTION OF MAINTENANCE OF SINUS RHYTHM FOLLOWING TRANSVENOUS ELECTRICAL CARDIOVERSION 
 Tinne Verheyen, Dominique De Clercq, Annelies Decloedt, Nicky Van Der Vekens, Stanislas U Sys., Gunther van Loon   
Department of Large Animal Internal Medicine, Faculty of Veterinary Medicine, Ghent 






















 Figure 1: Intra-atrial electrogram from a horse with atrial fibrillation. The atrial fibrillation cycle length is the time (milliseconds) between two successive atrial depolarizations. The current measurement indicates an AFCL of 162ms which corresponds to a fibrillation rate of 370/min.  STATISTICAL ANALYSIS All variables are reported as mean±standard deviation. Independent samples T-tests were performed on age, body weight, height, estimated duration of AF, LLA, RLA, LAsa/Ao, mean AFCL, p5AFCL, ratio p5AFCL/LLA, ratio p5AFCL/RLA and ratio p5AFCL/(LAsa/Ao) between horses maintaining sinus rhythm and those who suffered from AF recurrence. For all comparisons, values of p<0.05 were considered significant.  Cox’s proportional hazards model was used to identify prognostic factors to predict AF recurrence and to evaluate univariate relative risks as exp (regression coefficient x (factor difference)). A univariate Cox’s regression model was adapted to the data for 





Twenty-one horses (8 geldings, 7 mares, 6 stallions; 19 warmbloods, 1 Friesian, 1 Anglo-arabian) were presented with AF and were successfully cardioverted by TVEC. All horses met the criteria for inclusion and were used in this study. In all horses, high-quality intra-atrial electrograms could be recorded and allowed accurate determination of AFCL.  Baseline parameters determined in all horses are presented in Table 1.    Table 1: Baseline characteristics (mean±SD) of the horses remaining in sinus rhythm and those suffering from AF recurrence after transvenous electrical cardioversion. 
 mSR rAF P value age (years) 10.5±2.8 9.8±4.5 0.659 body weight (kg) 575±23 602±64 0.322 height (cm) 170±6 170±10 0.971 estimated AF duration (months) 5.7±4.4 11.8±17.2 0.233 
LLA (cm) 12.4±0.9 13.2±0.6 0.006 
RLA (cm) 11.7±0.7 12.7±0.6 0.033 LAsa/Ao 1.13±0.12 1.22±0.08 0.068 mean AFCL (ms) 168±15 151±24 0.073 p5AFCL (ms) 142±15 132±22 0.244 
p5AFCL/LLA (ms/cm) 11.6±1.6 10.1±1.6 0.049 
p5AFCL/RLA (ms/cm) 12.2±1.7 10.5±1.6 0.036 




recurrence. The ratios of p5AFCL/LLA, p5AFCL/RLA and p5AFCL/(LAsa/Ao) were significantly lower in horses suffering from AF recurrence. Individual results of p5AFCL/LLA as a function of LLA of horses with AF recurrence and those remaining in sinus rhythm are shown in Figure 2.    
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Table 2: Prognostic value of several factors related to recurrence–free time after successful cardioversion in univariate Cox’s regression models, and relative risk calculated from prognostic factor values, given in Table 1, for patients in recurrence of atrial fibrillation versus maintaining sinus rhythm group. 
Prognostic value Difference rAF 
versus mSR group 
p value Relative 
risk Prognostic factor Regression coefficient Standard error    
LLA (cm) 1.61 0.71 0.82±0.36 0.024 3.74 
p5AFCL/LLA (ms/cm) -0.74 0.36 1.50±0.72 0.039 3.05 
p5AFCL/(LAsa/Ao) -0.07 0.04 19.55±8.69 0.045 4.01 






















aTriport, Mansfield EP 
bCustom catheter, Rhythm Technologies Inc., Irvine, CA 
cBipolar intracardiac electrode, USCI 
dK. Engels, Engels Engineering Services GmbH, Offenbach an Main, Germany  
eTelevet 100®, Kruuse, Marslev, Denmark  










































From our study it seems that also in horses with AF there is an increased risk for ventricular dysrhythmias. Currently, no data are available on the influence of sympathetic stimulation on ventricular ectopy in horses. Abnormal QRS complexes occurred when horses were distressed by objects or sounds in the environment or when encouraged to gallop at maximal speed during the exercise protocol. It seems that also in horses specific emotions can trigger the occurrence of abnormal QRS complexes. The 
administration of a β-blocker to horses showing a high number of abnormal QRS complexes in association with an increase in sympathetic tone could help elucidating this question. However, the administration of β-blockers cannot help in the 
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bijeenkomsten vast te leggen voor de volgende twee jaar… Stefaan, Frank en Pieter, geen nood, jullie mogen vast wel eens ergens mee. Basketmatchke zien, iemand? Collega Tim, rol alvast de rode loper uit, want jij mag me binnenkort op je stoep verwachten. Misschien ga je me over een tijdje trouwens zo vaak zien, dat je me vraagt wanneer ik eindelijk nog eens weg ben… Maar je bureau zal er wel bij varen! Collega Johan, ook jij bent schaamteloos verwaarloosd de laatste tijd. Wie gaat er dan ook zo ver wonen… Ook aan jou de belofte: we’ll meet again soon! Serge en Liesbeth, nooit betere buren gehad! Ondertussen zijn we allebei verhuisd, maar de vriendschap is gebleven. Dankjulliewel om er altijd te zijn! Jullie waren er allemaal bij in Frankrijk – wat denken jullie, nieuwe afspraak juli 2015? En dat brengt me bij jullie, lieve lieve familie. Een speciaal woordje gericht aan dokter Van Mulders: dankuwel voor alle logistieke en morele steun van de voorbije jaren. Het is ook dankzij u dat dit doctoraat er gekomen is. Al zal ik blij zijn dat de wekelijkse vraag ‘Hoe gaat het met de thesis’ nu niet meer gesteld zal worden… Aan mevrouw Van Mulders: dankuwel voor de culinaire ondersteuning, dankzij u eten we al jaren toch minstens één maal per week een warme maaltijd, maar bovenal voor de morele steun, subtieler, maar des te meer gewaardeerd. En natuurlijk een speciale vermelding voor een toekomstige peter, op verzoek: Pieter, je bent een schoonbroer uit de duizend! Broertje en zusje, ‘onze kleine’ heeft het gehaald. Jullie weten hoe moeilijk het soms geweest is, dankjulliewel om te blijven zeggen dat het wel goed zou komen. Allerallerliefste vake en moeke, woorden volstaan niet om jullie te bedanken. Mijn hele leven hebben jullie in mij geloofd, ook al deed ik dat meestal niet. De laatste maanden zijn zwaar geweest, maar jullie hielden me op de been wanneer ik mijn ontbijt of lunch of avondeten nog maar eens opnieuw zag. Zonder jullie zou ik hier nu niet staan. Ik zou jullie de wereld willen geven, maar weet dat jullie even blij zijn met een dikke knuffel. Ouders-uit-de-duizend, dankjulliewel, voor alles. Bomma, aan jou draag ik dit doctoraat op. Ik wou heel graag dat je het einde nog had kunnen meemaken, maar je hebt elk woord meegeschreven, van op mijn bureau en in mijn hart. En ja, ik heb gedaan nu. Ik mis je. Hoe anders dan eindigen bij diegene die mijn hart bij zich draagt, die ene die ik vertrouw. De kortste tekst, maar met het meeste gevoel: jij maakt mij beter. Dankjewel, om te zijn wie je bent. 
  
 
    
  
 
